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HL 61.1 Wed 15:00 Poster F
Processing influence on structural and electronic prop-
erties of Lead Methylammonium Tri-Iodide films —
∙Christian Müller1,2,3, Bernd Epding1, Ilknur Yoldas2,
Robert Lovrincic2,3, Hans-Hermann Johannes2, and Wolfgang
Kowalsky2,3 — 1Kirchhoff Institut für Physik, Universität Hei-
delberg — 2Institut für Hochfrequenztechnik, TU Braunschweig —
3InnovationLab GmbH, Heidelberg
Over the last few years the power conversion efficiency of organometal-
halide perovskite (such as CH3NH3PbI3) based solar cells has skyrock-
eted at an unprecedented rate to values around 18%. This develop-
ment is even more impressive if we take into account that such high
efficiencies can be reached for very different cell, made from different
precursor materials, and for both solution and vacuum processed ab-
sorber layers. All this approaches have in common that the exact role
of the perovskite microstructure for the device performance is to date
not well understood. We focus in this work on a comparison between
solution vs. vacuum processed perovskite layers and solar cells based
thereon. SPM and SEM measurements were performed for the dif-
ferent perovskite films. Thereby we were able to map electronic and
structural properties with high spatial resolution. This enables us to
directly correlate the obtained data to the device performance.

HL 61.2 Wed 15:00 Poster F
Charge Carrier Lifetime in methylammonium lead halide
perovskite thin films — ∙Fabian Meier, Cornelius Krasselt
und Carsten Deibel — Institute of Physics, Chemnitz University of
Technology, 09126 Chemnitz, Germany
Thin film solar cells have shifted into the spotlight of current rese-
arch and development because of their promising low-cost production
resulting from high-throughout fabrication at low processing tempe-
ratures(1). Recently, hybrid perovskite structures on the base of lead
halides have attracted considerable attention due to a tremendous in-
crease in their power conversion efficiencies from 4 % to nearly 18 %
within only a few years (2). Uncovering the recombination processes is
of major importance for understanding and potentially circumventing
the intrinsic losses in perovskite thin films. We performed absorption
and photoluminescence (PL) meassurements of both mixed and pure
methylammonium lead halides. The comparably sharp onsets of ab-
sorption and emission as well as the small Stokes shift between them
are signs for the small energy losses of the charge carriers within cor-
responding solar cells. The charge carrier decay dynamics were investi-
gated by performing time-resolved PL decay by time correlated single
photon counting. We will discuss our results in view of the role of free
carrier recombination and trap assisted recombination.

(1)*G.E. Eperon et all, Adv. Funct. Mater. 2014, 24, 151-157
(2)*N.G. Park, Mater. Today (2014), http://dx.doi.org/10.1016/j.mattod.2014.07.007

HL 61.3 Wed 15:00 Poster F
Preparation and Charactarization of Methylammonium Lead
Iodide Perovskite Absorber Layers — ∙David Grabowski, An-
drea Jansen, Levent Gütay, Stephan J. Heise, Ingo Riedel,
Jürgen Parisi, and Holger Borchert — University of Oldenburg,
Department of Physics, Energy and Semiconductor Research Labora-
tory, 26129 Oldenburg, Germany
Since few years, perovskite thin films have attracted broad attention
for application in solar cells: Without extreme efforts spent in tech-
nological developments, they already show strong electronic perfor-
mance. In solar cells, the perovskite layer acts as a light absorber,
that carries both electrons and holes. In this work we determine the
significance of certain parameters during preparation on the emerging
𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3 perovskite film. Through means of scanning electron
microscopy (SEM) and x-ray diffraction (XRD) a one-step method and
a two-step method have been compared and the latter proved to be
more effective to achieve the desired morphology and crystal structure.
Therefore we utilize a two-step method to first apply 𝑃𝑏𝐼2 and later
on 𝐶𝐻3𝑁𝐻3𝐼 to create the perovskite, while systematically varying
crucial parameters. Through means of the aforementioned measuring

equipment we verify advantageous parameters for mixing the solutions
and the spin-coating process.

HL 61.4 Wed 15:00 Poster F
Evaluation of different layer sequences of perovskite solar
cells — ∙Andrea Jansen, David Grabowski, Dorothea Scheune-
mann, Maria S. Hammer, Ingo Riedel, Jürgen Parisi, and Hol-
ger Borchert — University of Oldenburg, Department of Physics,
Energy and Semiconductor Research Laboratory, 26129 Oldenburg,
Germany
Since few years, perovskite solar cells have attracted a massive in-
crease in research effort, which is due to their potentially very high
efficiencies at low costs. In solar cells the perovskite layer functions
as a light absorber and exhibits the ability to transport both electrons
and holes. In this work, the deposition of the perovskite CH3NH3PbI3
was implemented via a two-step coating method, in which a solution
containing PbI2 and another one containing CH3NH3I are deposited
consecutively. Concerning photovoltaic performance, this method has
shown to be advantageous compared to the one-step coating method,
in which a solution containing both CH3NH3I and PbI2 is deposited
on the substrate. The perovskite layers were analyzed by scanning
electron microscopy (SEM) and X-ray diffraction (XRD), in order to
determine the film morphology and crystal structure, respectively. Dif-
ferent device concepts for implementing the solution-cast perovskite
layers into solar cells will be presented and discussed.

HL 61.5 Wed 15:00 Poster F
First-principles study of tin-based hybrid organic-inorganic
perovskites — ∙Jingrui Li and Patrick Rinke — COMP / De-
partment of Applied Physics, Aalto University, Finland
Hybrid organic-inorganic perovskites have received rapidly growing in-
terest in recent years as promising photoactive materials in emergent
solar cell technologies [1]. While much experimental work is conducted
on hybrid perovskite devices, a quantum mechanical understanding of
the basic materials properties and fundamental processes is lagging
behind. In this work we present a first-principles study of a series of
methylammonium tin trihalide (CH3NH3SnX3) perovskites employing
relativistic density functional theory. We establish an all-electron refer-
ence for the ground state properties by benchmarking the local-atomic
orbital code FHI-aims [2] and the full potential linear augmented plane
wave code exciting [3] for the PBE exchange-correlation functional.
The points of focus of our present study lie in (i) relativistic effects
(more specifically, the scalar relativistic effects and the spin-orbit cou-
pling) in the considered systems, (ii) improvement of electronic struc-
ture results by including exact exchange in the density functional, and
(iii) changes in atomic and electronic properties due to the addition of
chloride anions into the organo-tin triiodide perovskite.

[1] See, e.g., M. A. Green et al., Nature Photon., 8, 506 (2014).
[2] V. Blum et al., Comput. Phys. Commun., 180, 2175 (2009).
[3] A. Gulans et al., J. Phys.: Condens. Matter, 26, 363202 (2014).

HL 61.6 Wed 15:00 Poster F
Improved interfaces in solution processed perovskite so-
lar cells — ∙Florian Mathies1,3, Julian Heußer3,4, Aina
Quintilla1, Guillaume Gomard1, Norman Mechau1,3, and Uli
Lemmer1,2 — 1Light Technology Institute, Karlsruhe Institute of
Technology, Germany — 2Institute of Microstructure Technology,
Karlsruhe Institute of Technology, Germany — 3InnovationLab, Hei-
delberg, Germany — 4Kirchhoff-Institute for Physics, University Hei-
delberg, Germany
Perovskite semiconductor materials promise to have a massive impact
in the field of photovoltaics. Perovskite solar cells with efficiencies up
to 19% have been recently fabricated, demonstrating their capability
to compete with state-of-the-art silicon solar cells.

A critical point for the electrical performance in perovskite solar cells
is the perovskite/metal oxide blocking layer interface. Consequently,
we investigated different metal oxides (TiO2, ZnO, AZO and ZTO)
with certain interfacial geometries, ranging from planar to nano- or
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mesoporous, with the perovskite layer. To make such solar cells com-
patible with flexible substrates and several industrially-relevant print-
ing processes for a wide range of commercial applications, a reduction
of process temperature is necessary. Using the previously described
interfaces, the process temperature was reduced from 500∘C to 120∘C
to determine its influence on the morphology at the interfacial layers
by AFM and SEM studies, and on the electrical performance of the
devices by IV-characteristic and IPCE measurements.

HL 61.7 Wed 15:00 Poster F
Electrical Characterization of Methyl Ammonium Lead Io-
dide — ∙Raffael Rueß, Martina Stumpp, Christoph Richter,
Patrick Hofmann, and Derck Schlettwein — Justus-Liebig-
Universität Gießen, Institut für Angewandte Physik, Heinrich-Buff-
Ring 16, D-35392 Gießen
Methyl ammonium lead iodide (𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3) is a trihalide per-
ovskite semiconductor with promising and well-fitting parameters for
the use as an absorber in hybrid solar cells. Homogeneous layers can
be prepared by spin coating solutions of methyl ammonium iodide
(𝐶𝐻3𝑁𝐻3𝐼) and lead iodide (𝑃𝑏𝐼2) onto a substrate and annealing
afterwards. In this work, the perovskite films were deposited via a
two-step sequential deposition method. Current-voltage measurements
were performed to determine the electrical conductivity of the per-
ovskite film. An interesting hysteresis in the I-V measurements was
observed corresponding to similar observations in perovskite solar cells
and three possible reasons were discussed. Understanding the electrical
behavior of perovskites, such as 𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3, is important for find-
ing further improvements on the efficiency of hybrid solar cells based
on these materials.

HL 61.8 Wed 15:00 Poster F
Replacement of Lead in Organic-Inorganic Perovskite Ab-
sorber Layers — ∙Manuel Weiß, Christoph Richter, and
Derck Schlettwein — Institute of Applied Physics, Justus-Liebig-
University Giessen, Heinrich-Buff-Ring 16, D-35392 Gießen
Perovskite solar cells are a very promising low-cost technology as ef-
ficiencies around 20 percent have been reported. One problem, how-
ever, is the presence of lead in the cells. Lead is known to be a toxic
heavy metal which is, therefore, banned from a number of technical
applications in various countries which represent, however, important
global markets. The presence of lead can therefore be seen as one
major obstacle that could prevent the commercial use of perovskite
solar cells. Alternative metal ions that are less toxic and abundant in
the earth crust are sought to replace lead at maintained functionality
of the films. In this contribution, alternative metal ions were tested
to form organic-inorganic perovskite layers. Films were characterized
by Scanning Electron Microscopy, UV-visible absorption spectroscopy,
X-ray diffraction and XPS to probe the elemental composition, struc-
ture, morphology and electronic coupling in the films. The different
materials will be discussed in their applicability as new absorber layers
in perovskite solar cells.

HL 61.9 Wed 15:00 Poster F
Current-Voltage Measurements on Perovskite Thin Films
— ∙Jan Tinz, Martina Stumpp, Christoph Richter, Patrick
Hofmann, and Derck Schlettwein — Justus-Liebig-Universität
Gießen, Institut für Angewandte Physik, Heinrich-Buff-Ring 16, D-
35392 Gießen
The use of methyl ammonium lead iodide (𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3) as light ab-
sorbing material enables the production of efficient and low-cost solar
cells due to its high charge carrier mobility. The direct band gap of the
perovskite can be controlled by replacing the iodide with bromide to
optimize the light absorption. Thin films of 𝐶𝐻3𝑁𝐻3𝑃𝑏(𝐼1−𝑥𝐵𝑟𝑥)3
were prepared in a one-step process by spin coating from solutions
with different concentrations of lead iodide (𝑃𝑏𝐼2), methyl ammonium
iodide (𝐶𝐻3𝑁𝐻3𝐼) and methyl ammonium bromide (𝐶𝐻3𝑁𝐻3𝐵𝑟)
on these substrates. Depending on the concentration of the solu-
tion, the thickness of the synthesized perovskite films varied. Current-
voltage measurements were performed and the electrical conductivity
of the synthesized perovskite thin films was determined. A basic un-
derstanding of the electrical characteristics of these thin layers is re-
quired for the development of more efficient hybrid solar cells based on
𝐶𝐻3𝑁𝐻3𝑃𝑏(𝐼1−𝑥𝐵𝑟𝑥)3.

HL 61.10 Wed 15:00 Poster F
Morphology of Methyl Ammonium Lead Iodide Thin Films
Dependent on the Preparation Conditions — Martina

Stumpp, ∙Jonas Horn, Raffael Rueß, Jan Tinz, and Derck
Schlettwein — Justus-Liebig-Universität Gießen, Institut für Ange-
wandte Physik, Heinrich-Buff-Ring 16, D-35392 Gießen
Solar cells based on perovskites as absorbing material have attained
large attention in the last two years due to the strong increase in the
efficiencies of these cells. Perovskites have the great advantage of a
high charge carrier mobility, low non-radiative carrier recombination
and strong solar absorption. In this study, thin films of methyl ammo-
nium lead iodide (𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3) were prepared by one- or two-step
solution-based processes on different substrates. Profilometry mea-
surements were performed to attain an understanding of the roughness
and the thickness of the perovskite films. The detailed morphology
of the films was analyzed with the help of laser confocal and scan-
ning electron microscopy. The dependence of the different preparation
methods as well as the use of different substrates on the morphology
of the (𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3) thin films is discussed.

HL 61.11 Wed 15:00 Poster F
Processing Optimization for Vacuum Deposited Perovskite
Layers — Enkhtur Erdenebileg, Lauren E. Polander, Chris-
tian Körner, and ∙Karl Leo — Instutut für Angewandte Photo-
physik, Technische Universität Dresden, 01069 Dresden, Germany
Organic-inorganic hybrid perovskites currently attract considerable at-
tention as promising light harvesting materials for solar cells due to
their panchromatic absorption, excellent charge-transport characteris-
tics, and ease of fabrication from inexpensive, commercially available
materials. As a result of many recent advances related to changes in
the stack design and processing conditions, the power conversion ef-
ficiency values for this new class of solar cells is increasing rapidly.
Extremely uniform perovskite films can be formed using dual source
vapor deposition of PbX2 and CH3NH3X (where X = I, Br, Cl) to
yield high performance devices when used in combination with either
solution-processed or vacuum-deposited transport layers. In this work,
we optimize the vapor deposition of perovskite layers by investigating
the effects of evaporation and annealing temperature on the properties
of isolated perovskite films. The films are thoroughly examined using
UV-vis absorption spectroscopy, grazing incidence X-ray diffraction,
and scanning electron microscopy. The newly developed deposition
conditions are then applied to fabricate optimized perovskite solar cells
with vapor-deposited electron- and hole-transport layers.

HL 61.12 Wed 15:00 Poster F
Temperature-Dependence of a Perovskite-based Solar Cell —
∙Harald Hoppe — Langewiesener Str. 22, Institut für Physik, TU
Ilmenau
The temperature dependence of a solar cell based on a hybrid per-
ovskite material has been investigated. We find distinctive changes to
occur within the photovoltaic parameters with temperature variation.
The results are discussed in view of structural and electronic data.

HL 61.13 Wed 15:00 Poster F
Electroabsorption spectroscopy investigation of organic and
perovskite solar cells — ∙Cheng Li1,3, Yana Vaynzof2,3,
Tanaji Gujar1, Dan Credgington3, Zhi-Kuang Tan3, Girish
Lakhwani3, Jianpu Wang3,4, Mukundan Thelakkat1, Neil
Greenham3, and Sven Hüttner1,3 — 1Macromolecular Chemistry
I, University of Bayreuth, 95440 Bayreuth, Germany — 2Centre for
Advanced Materials, Im Neuenheimer Feld 227, Heidelberg University,
Heidelberg, 69120, Germany — 3Cavendish Laboratory, J. J. Thom-
son Avenue, Cambridge CB3 0HE, United Kingdom — 4Institute of
Advanced Materials, Nanjing Tech University, Nanjing, China 210009
In solution-processed photovoltaic devices, both organic and organic-
inorganic perovskite based, the nanometer scale interfaces between
the active material and electrodes play a crucial role on the device
performance. In this poster, by using electroabsoption (EA) spec-
troscopy, combined with ultraviolet photoelectron spectroscopy (UPS),
we investigate photovoltaic devices based on P3HT:PCBM, PBDTTT-
CT:PC71BM and CH3NH3PbI3−xClx systems. As a non-invasive
method, EA provides unique information of the built-in potential (VBI)
in working devices. By characterizing the modulation of VBI, we elu-
cidate that the performance improvement of these solar cells utilizing
interfacial engineering is mainly due to the shift of work function of
electrodes, leading to an increase of the built-in potential in devices.

HL 61.14 Wed 15:00 Poster F
Charge-transfer states vs. triplet excited states in organic
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photovoltaics — ∙Johannes Benduhn, Donato Spoltore, Chris-
tian Körner, and Koen Vandewal — Institut für Angewandte Pho-
tophysik, Technische Universität Dresden, D-01062 Dresden, Germany
Charge generation and recombination in organic solar cells occurs via
the formation of charge-transfer (CT) states at the donor-acceptor in-
terface. When the energy of the CT state is high, its formation can
compete with the formation of triplet states on the donor or acceptor
molecule, which can constitute an additional loss mechanism, reducing
photo-voltaic performance.

With this work we aim to elucidate under which energetic and kinetic
circumstances triplet state formation can be suppressed. Therefore we
investigate material systems comprising of C60 as acceptor and a series
of phthalocyanine dyes with slight variations in their molecular struc-
ture (ZnPc, F4 − ZnPc, CuPc, F4 − CuPc) as donor. The addition
of fluorine allows tuning of the energy of the CT state, resulting in
an increased open circuit voltage. Varying the central atom from Zn
to Cu enhances inter-system crossing to a triplet excited state on the
phthalocyanine molecule. The energy levels of all relevant electronic
excited states are determined by sensitive measurements of the external
quantum efficiency spectrum. The formation of triplets is quantified
by steady state photo-induced absorption at various temperatures.

We find that in the system with a reduced inter-system crossing,
charge generation for materials with a high energy CT state is still
efficient, even though the triplet state is the lowest energy state.

HL 61.15 Wed 15:00 Poster F
Charge Transfer Absorption and Emission at ZnO/Organic
Interfaces — ∙Fortunato Piersimoni1, Raphael Schlesinger2,
Johannes Benduhn3, Donato Spoltore3, Sina Reiter1, Ilja
Lange1, Norbert Koch2, Koen Vandewal3, and Dieter Neher1

— 1Institute of Physics and Astronomy, University of Potsdam, Karl-
Liebknecht-Strasse 24-25, 14476 Potsdam, Germany — 2Institut für
Physik & IRIS, Adlershof Humboldt-Universität zu Berlin, Brook-
Taylor-Strasse 6, 12489 Berlin, Germany — 3Institut für Angewandte
Photophysik, Technische Universität Dresden, George-Bähr-Straße 1,
01069 Dresden, Germany
Here we investigate Hybrid Charge Transfer States (HCTS) at the
planar interface based upon 𝛼-NPD and ZnO by means of spectrally
resolved electroluminescence (EL) and external quantum efficiency
(EQE) measurements. The appearance of a sub-gap signal in the EL
and in the EQE spectra proves respectively the radiative decay and
the absorption from direct excitation of HCTSs. By means of vari-
ous phosphonic acid based self-assembled monolayers we tune the ZnO
work function and the energy gap (Egap) between the ZnO conduction
band and a-NPD LUMO level. We observe a correlation between Egap,
the peak position of the NIR EL spectra and the open circuit voltage
of photovoltaic devices, comprising these organic-inorganic interfaces.
This unambiguously attributes the origin of the NIR emission to ra-
diative recombination between an electron on the ZnO and a hole on
𝛼-NPD and confirms the relation between open circuit voltage and the
energy of the charge-state, also for hybrid organic-inorganic interfaces.

HL 61.16 Wed 15:00 Poster F
Influence of electrical stress on the degradation of polymer so-
lar cells — ∙Tobias Faber, Roland Rösch, and Harald Hoppe —
Institute of Physics, Ilmenau University of Technology, Langewiesener
Straße 22, 98693 Ilmenau, Germany
The stability of polymer solar cells is an ever-present topic in today’s
research on organic photovoltaics. While protocols for stability testing
have been established within the course of the International Summits
on Organic Solar Cell Stability (ISOS), there is no consensus on the
voltage range within which solar cells should be characterized during
degradation experiments. We show that this open parameter can result
in different effects on the degradation path and the amount of degra-
dation. In-situ measurements of IV-characteristics of continuously il-
luminated 𝑃𝐶𝐷𝑇𝐵𝑇 : 𝑃𝐶70𝐵𝑀 solar cells were conducted every 30
minutes for about 1600 hours. Three different potential regimes were
realized by applying three different voltage ranges: ”forward voltage”
(-0.1 V ... 5 V), ”basic voltage” (-0.1 V ... 1 V) and ”reverse voltage”
(-5 V ... 1 V). A strong influence of the applied voltages and cur-
rents running through the device on the initial exponential decrease of
the power conversion efficiency, the so-called ”burn-in”, was revealed.
The origin of the differences is discussed and degradation pathways are
suggested.

HL 61.17 Wed 15:00 Poster F
Design of an energy-harvesting storage device based on or-

ganic solar cells and supercapacitor — ∙Lukas Hörlin1, An-
dreas Baumann1, Matthias Wiener1, Gudrun Reichenauer1,
and Vladimir Dyakonov1,2 — 1Bayerisches Zentrum für Ange-
wandte Energieforschung, Am Galgenberg 87, D-97074 Würzburg —
2Experimentelle Physik 6, Julius-Maximilians-Universität Würzburg,
Am Hubland, D-97074 Würzburg
A general problem of renewable energy system like photovoltaics and
wind power is their volatility causing fluctations in the power grid.
Energy storage systems such as batteries or capacitors are promising
candidates to overcome this fluctations making use of renewable en-
ergy more reliably. We designed a small-scale energy-harvesting stor-
age device, which demonstrates the storage and use of the redundant
energy by photovoltaic devices, namely organic bulk heterojunction
(BHJ) solar cells, in a supercapacitor for a certain period of time.
State-of-the-art organic BHJ solar cells were prepared by spin-coating
and characterized by means of current-voltage characterisitics. The
supercapacitor as the storage unit was analyzed by cyclic voltamme-
try. The energy harvesting system is realized by the ability to connect
single organic solar cells in parallel and/or serial, which allowed us to
vary the photocurrent and photovoltage of the unit and adapt it to the
supercapacitor storage unit.

HL 61.18 Wed 15:00 Poster F
Material properties of organo-halide perowskites at different
temperatures — ∙Gerhard Lackner1, Irina Anusca1, Vladimir
Shvartsmann1, Mehmet Sanlialp1, Brahim Dhkil2, and Doru C.
Lupascu1 — 1Institute for Materials Science and Center for Nanoin-
tegration Duisburg-Essen (CENIDE), University of Duisburg_Essen,
Essen, Germany — 2Ecole Centrale Paris, Structures, Properties and
Modeling of Solids Laboratory, France
Recently, organo-halide perowskites have been attracted much interest
by researchers due to their excellent performance as light absorbing
material in solar cells. Certificated efficiencies of up to 20% have been
reported [1]. Until now, the origins of their extremely well performance
are not fully understood.

We investigated the material properties of methylammonium
lead iodide (CH3NH3PbI3) and methylammonium lead bromide
(CH3NH3PbBr3) for different temperatures. The results of this study
confirm these achieved by Mitzi [2].

[1] Press release 17.11.2014, Wirtschaftswoche green, An-
dreas Menn, last visited on 01.12.2014, available online:
http://green.wiwo.de/durchbruch-billig-solarzelle-erreicht-20-prozent-
wirkungsgrad/

[2] D. B. Mitzi, in Progress in Inorganic Chemistry, Vol. 48 (Ed.: K.
D. Karlin), John Wiley & Sons, Inc. Hoboken, NJ, USA 1999, p. 1.

HL 61.19 Wed 15:00 Poster F
Optoelectronic Interfaces for Restoration of Degener-
ated Retina — ∙Oliya Sadrillaevna Abdullaeva1, Manuela
Schiek1, Karin Dedek2, Matthias Schulz3, Arne Lützen3, and
Jürgen Parisi1 — 1Energy and Semiconductor Research Laboratory,
Department of Physics, Carl von Ossietzky University of Oldenburg,
D-26111, Germany — 2Department of Neurobiology, University of Old-
enburg, 26111 Oldenburg, Germany — 3Kekulé-Institut für Organis-
che Chemie und Biochemie, Rheinische Friedrich-Wilhelms-Universität
Bonn, Gerhard-Domagk-Str. 1, 53121 Bonn, Germany
A novel approach towards the development of artificial photoreceptors
for diseases like retinitis pigmentosa and age-related macular degener-
ation is the employment of organic semiconducting thin films. These
conditions eventually cause blindness due to photoreceptor degener-
ation. Ghezzi et al. have recently reported the restoration of light
in explanted retinas from animal models of photoreceptor degenera-
tion by a single-component organic film of poly(3-hexylthiophene) via
a photo-excitation process. They were able to trigger neuronal firing
upon illumination. Our work focuses on employment of a Squaraine
dye 2,4-Bis[4-(N,N-diisobutylamino)-2,6-dihydroxyphenyl]squarain as
potential organic material for neuronal stimulation. Squaraine dyes
are characterized by their unique aromatic four membered ring sys-
tem. This work is aimed at testing the biocompatibility of Squaraine
dyes with different biological cell lines and if so exciting the cells by
illumination.

HL 61.20 Wed 15:00 Poster F
Band-like electron transport and high mobility in F2-TCNQ
single-crystal field-effect transistors — ∙Yulia Krupskaya1,
Marco Gibertini2, Nicola Marzari2, and Alberto Morpurgo1

— 1University of Geneva, Geneva, Switzerland — 2EPFL, Lausanne,
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Switzerland
It is believed that in organic single-crystal field-effect transistors (FET)
of the highest quality, the electron transport occurs in the band-like
regime, with the carrier mobility increasing upon lowering tempera-
ture. Neither the microscopic nature of this regime, nor why it occurs
only in some materials but not in others is currently well understood.
To address these issues, we performed a study of electron transport in
single-crystal FET of different tetracyanoquinodimethane (Fx-TCNQ)
molecules. We show that F2-TCNQ devices exhibit the most pro-
nounced band-like transport observed to date (a room-temperature
electron mobility 𝜇 = 6-7 cm2/Vs, increasing up to 25 cm2/Vs at 150
K), whereas in TCNQ and F4-TCNQ FET 𝜇 = 0.1-0.2 cm2/Vs at
room temperature and decreases upon cooling. Moreover, we present
a comparative analysis of the crystal structure, electronic structure
and the electron-phonon interactions for the three studied materials
aimed on understanding of the microscopic mechanisms responsible
for so different thransport properties.

Financial support: DFG KR 4364/1-1

HL 61.21 Wed 15:00 Poster F
Polycyclic aromatic hydrocarbons in organic charge-transfer
complexes — ∙Sebastian Witt1, Antonia Morherr1, Martin
Baumgarten2, Achim Rippert1, and Cornelius Krellner1 —
1Physikalisches Institut, Goethe-Universität Frankfurt am Main —
2Max-Planck-Institut für Polymerforschung, Mainz
Polycyclic aromatic hydrocarbons were discovered to present a new
class of organic superconductors [1]. The organic molecules, as e.g.
Picene, takes the role of an acceptor, when intercalated with alkali
metals. We present the results of new organic charge-transfer com-
plexes, where the polycyclic aromatic hydrocarbons could be either
the donor or the acceptor. Applying the horizontal vapor growth in
vacuum or in an inert gas we succeeded to co-crystallize seven new
complexes. These single crystals were characterized by x-ray pow-
der diffraction, single crystal Laue-type diffraction, in reflection and
transmission, uv/vis-spectrometry and atomic force microscopy. In
this contribution, we present the structural and physical properties of
these new charge transfer complexes.

[1] R. Mitsuhashi et al., Nature 464, 74 (2010).

HL 61.22 Wed 15:00 Poster F
Charge transfer and metallic conduction at the F16CoPc -
Rubrene interface — ∙Florian Rückerl1, Yulia Krupskaya2,
Eni Dodbiba1, Vasilis Nikolis1, Alberto Morpurgo2, and Mar-
tin Knupfer1 — 1IFW Dresden, Germany — 2DPMC University of
Geneva, Switzerland
We present the electronic properties of the F16CoPc-Rubrene inter-
face, studied by means of transport measurements and photoemission
spectroscopy (PES). The interface (formed of F16CoPc film evaporated
on top of Rubrene single crystals) shows a slight metallic conductance
at temperatures between 100 and 300 K with the resistivity of 300 kΩ,
which is very low in comparison to previously studied organic inter-
faces [1] and lowest after the outstanding TTF-TCNQ interface [2].
Hall Effect measurements revealed the hole conductance in Rubrene
with the hole density of 1.6·1013 cm2 and the mobility of 1.2 cm2/Vs.
PES measurements at the interface with various layer thicknesses give
clear evidence for a charge transfer. We observe an oxidation of the
Rubrene molecules and a reduction of the Phthalocyanine Cobalt cen-
ter by filling the 3d𝑧2 orbital.

The very low resistivity and the fact that the magnetic Co ion is fully
involved in the charge transfer process, makes this system especially
interesting and promising in terms of organic electronics and molecular
spintronics.
Financial support: KN 393/14, KR 4364/1-1
[1] I. Gutierrez Lezama et al. Nature Mat. 11, 588-794 (2012)
[2] H. Alves et al. Nature Mat. 7, 574-580 (2008)

HL 61.23 Wed 15:00 Poster F
Charge Transfer at the Rubrene/F16CoPc Interface Studied
by X-ray Photoemission Spectroscopy and Near Edge X-ray
Absorption Fine Structure — ∙Jing Guo1, Florian Rückerl2,
Francisc Haidu1, Volodymyr Dzhagan1, Georgeta Salvan1,
Martin Knupfer2, and Dietrich R. T. Zahn1 — 1Semiconductor
Physics, Technische Universität Chemnitz, D-09107 Chemnitz, Ger-
many — 2Leibniz Institute for Solid State and Materials Research
Dresden, Electronic and Optical Properties Department, D-01069
Dresden, Germany

We studied the electronic properties of the F16CoPc/rubrene interface
using X-ray photoemission spectroscopy (XPS) and near edge X-ray
absorption fine structure (NEXAFS). Due to the matching between the
ionization potential of rubrene and the electron affinity of F16CoPc,
a charge transfer is expected to occur at the interface. Ferromagnetic
LSMO layers were applied as substrates for the thin film growth due to
potential spintronic application of such structures. The electron trans-
fer from rubrene to the Co metal center is deduced from the lineshape
of Co 2p band in the XPS spectra, resulting in a reduction of Co(II) to
Co(I). NEXAFS data show a filling of the Co 3𝑑2 orbital of F16CoPc,
confirming the charge transfer. Besides, NEXAFS spectra show that
F16CoPc molecules have a tendency to stand on rubrene. The energy
level alignment between rubrene and LSMO was also established us-
ing ultraviolet photoelectron spectroscopy and inverse photoemission
spectroscopy

HL 61.24 Wed 15:00 Poster F
Optical Spectroscopy on Organic-Inorganic Hybrid Struc-
tures - Charge Transfer in Type-II Level Systems — ∙Ingo
Meyenburg1, Benjamin Heidelmeier1, Matthias Weber1, Nils
Rosemann1, Christian Prinzisky2, Jane Falgenhauer3, Derck
Schlettwein3, Jörg Sundermeyer2, and Wolfram Heimbrodt1

— 1Philipps Universität Marburg Department of Physics and Material
Sciences Centre, Renthof 5, D-35032 Marburg — 2Philipps Universität
Marburg department of chemistry, Hans-Meerwein-Straße, D-35032
Marburg — 3Justus-Liebig-University, Institute of Applied Physics,
Heinrich-Buff-Ring 16, 35392, Gießen, Germany
Understanding interface processes is crucial for improvements of ex-
isting and new functional materials based on organic-inorganic hybrid
semiconductor structures. Exciton recombination of spatially indirect
excitons across type-II organic-inorganic interface can give access to
the level alignment and interface properties of the hybrids. In addi-
tion to this method the depletion of excited organic states as a con-
sequence of charge transfer into the inorganic semiconductor, which
can be revealed by time resolved photoluminescence, can precise the
determination of the level alignment. Further optical measurements
including Raman spectroscopy help to understand the properties of
hybrids including the interface. Starting with the idea of material com-
binations known from dye sensitized solar cells which imply a charge
transfer from organic to inorganic structure some promising hybrid
systems are investigated. Besides Antrachinone derivates the indoline
dye D149 on mesoporous ZnO is a recently studied hybrid structure.

HL 61.25 Wed 15:00 Poster F
Investigation of Recombination Processes in Organic Solar
Cells — ∙Sascha Ullbrich, Donato Spoltore, Janine Fischer,
Christian Körner, Koen Vandewal, and Karl Leo — Institut für
Angewandte Photophysik, Dresden, Deutschland
Recombination of charge carriers is one of the most important loss
mechanisms in a solar cell. In competition to generation, it defines the
open-circuit voltage by setting the equilibrium charge carrier density.
Thus, it is necessary to study and understand recombination mecha-
nisms in order to tap the full potential of organic photovoltaics. In this
work, non-geminate recombination mechanisms and recombination dy-
namics of organic solar cells based on small molecules with different
active layer thicknesses are studied. Charge extraction measurements
and intensity dependent current-voltage characteristics are used to de-
termine charge carrier densities, recombination rates and the dominant
recombination mechanism under steady state conditions. We observe a
change from bimolecular to trap-assisted recombination towards lower
carrier densities and a decreasing recombination order with increasing
active layer thicknesses.

HL 61.26 Wed 15:00 Poster F
Effects of perfluorination on the electronic, optical, and trans-
port properties of polyaromatic hydrocarbons: pentacene
and pyrene in the molecular and solid phase — ∙Roberto
Cardia1, Giancarlo Cappellini1, and Gian-Marco Rignanese2

— 1Università di Cagliari and Istituto Officina dei Materiali-CNR,
Italy — 2Institute of Condensed Matter and Nanoscience, Université
Catholique de Louivain, Belgium
We report a comparative study on pentacene and pyrene polyaro-
matic hydrocarbons (PAHs) and their perfluorinated counterparts.
The study has been performed for both the isolated molecule and
their molecular solid phases. The former are investigated, perform-
ing all-electron calculations, using Density Functional Theory (DFT)
and Time Dependent DFT with localized gaussian basis set and hybrid
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B3LYP exchange correlation functional, in order to quantify the effects
of morphology and chemical modifications on their electronic, optical,
and transport properties: in particular electron affinity, ionization en-
ergy, fundamental gap, optical absorption, exciton binding energy, and
reorganization energies for holes and electrons. The molecular solids
using DFT-LDA with plane-waves basis set and ionic pseudopoten-
tials in order to determine and compare ground state properties. In
contrast, different exchange-correlation functionals (LDA, PBE0) are
considered to evaluate their electronic excitations.

HL 61.27 Wed 15:00 Poster F
Comparison of the polarization-resolved linear absorption
and time-resolved photoluminescence properties of crys-
talline perfluoropentacene on various substrates — ∙David
Leimbach, Robin Döring, Tobias Breuer, Gregor Witte, and
Sangam Chatterjee — Faculty of Physics and Materials Science
Center, Philipps-Universität Marburg, Renthof 5, D-35032 Marburg,
Germany
Perfluoropentacene (PFP) is the perfluorinated counterpart and hence
n-type organic semiconductor to the prototypical p-type pentacene. It
can be grown as highly crystalline thin films on various optically trans-
parent substrates such as NaF, KCl, and graphene. While PFP forms
in the typical herringbone motif on both NaF and KCl, it shows a
*Brickwall*-like polymorphism on graphene. Structural analyses show
a 𝜋-stacking distance of only 3.07 Å [1], promising far higher values
for electron and hole mobility and therefore greatly improved vertical
transport, a desirable feature in potential organic electronic applica-
tions. Here, we investigate the influence of the packing motif and hence
of the intermolecular coupling on the optoelectronic properties. Mak-
ing use of polarization-resolved linear-absorption spectroscopy with
sub-*m spatial resolution we identify the corresponding exciton tran-
sition energies and correlate them with the orientation of crystalline
domains and the substrate. Furthermore, we find altered carrier recom-
bination dynamics using time-resolved micro-photoluminescence spec-
troscopy.

HL 61.28 Wed 15:00 Poster F
Imaging the electric potential distribution of thin film solar
cells — ∙Michael Scherer1,2, Robert Lovrincic1,2, and Wolf-
gang Kowalsky1,2 — 1InnovationLab GmbH, Heidelberg — 2TU
Braunschweig, Institut für Hochfrequenztechnik, Braunschweig
Huge research efforts on second to fourth generation solar cells lead
to a tremendous growth in the power conversion efficiency of thin film
solar cells, competing silicon based photovoltaics.

Charge generation and transport in these devices occur in layered
stacks containing thin films of different functional materials. Because
of layer thicknesses on the nano- to microscale, a complex interplay of
interface and bulk effects determines the performance of the devices.
This interplay can hardly be predicted from simulations or interface
experiments only, highlighting the role of cross-sectional studies with
high lateral resolution. We perform a correlated scanning Kelvin probe
microscopy (SKPM) and electron beam induced current (EBIC) study
on solar cell cross sections to image the electronic properties of entire
solar cell devices.

Our scanning probe station is placed within the vacuum of a com-
bined scanning electron microscopy (SEM)/focused ion beam (FIB)
cross beam system. We prepare cross sections of different types of
solar cells and characterize them with SKPM and EBIC on the same
spot. The samples are illuminated and contacted in a defined manner
and studied in vivo within the vacuum of our cross beam station.

HL 61.29 Wed 15:00 Poster F
Influence of ZnO doping in ALD deposited Al2O3 on
Qfix and charge carrier lifetime — ∙Johannes Ziegler1,
Thomas Schneider1, Alexander N. Sprafke1, and Ralf B.
Wehrspohn1,2 — 1Institute of Physics Martin Luther University
Halle-Wittenberg — 2Fraunhofer Institute for Mechanics of Materi-
als IWM Halle
Thin Al2O3 films deposited by thermal ALD on Si surfaces are known
to provide an excellent passivation quality. Beside the chemical passi-
vation of recombination active dangling bonds on the silicon surface by
saturation, the field effect passivation generated by a high density of
fixed negative charges in the Al2O3 is responsible for the reduction of
parasitic charge carrier recombination in silicon solar cells [1]. In this
work the influence of ZnO on the fixed negative charges in the Al2O3
layers and on their passivation quality on p-type silicon is studied by
CV and QSSPC measurements.

[1] B.Hoex, J.Schmidt, R.Bock, P.P. Altermatt,M. C. M. van de
Sanden and W. M. M. Kessels, Appl. Phys. Lett, 89:042112 (2006)

HL 61.30 Wed 15:00 Poster F
Investigation of order–disorder related band gap changes
in Cu2ZnSn(S,Se)4 solar cells using electroreflectance
— Christoph Krämmer1, Christian Huber1, Christian
Zimmermann1, Mario Lang1, ∙Alexander Opolka1, Thomas
Schnabel2, Tobias Abzieher1,2, Erik Ahlswede2, Heinz Kalt1,
and Michael Hetterich1 — 1Institute of Applied Physics, Karls-
ruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany
— 2Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-
Württemberg, 70565 Stuttgart, Germany
Cu2ZnSn(S,Se)4 (CZTSSe) has attracted attention in thin-film photo-
voltaics due to its similarity to the well-established Cu(In,Ga)(S,Se)2.
However, the use of the low-cost and earth-abundant constituents Zn
and Sn promise to overcome the weak point of the Cu(In,Ga)(S,Se)2
system, although up to now the gap in efficiency between these two
systems could not be closed. Among other things a high amount of
point defects is made responsible for this deficit. In this contribution
we demonstrate reversible band gap shifts which are induced by post-
annealing of finished CZTSSe solar cells and are attributed to changes
in the disorder within the Cu–Zn lattice planes. These changes follow
the stochastic Vineyard model which further predicts a critical temper-
ature above which the kesterite structure is entirely Cu–Zn disordered.

HL 61.31 Wed 15:00 Poster F
Photoluminescence investigation of the order–disorder ef-
fect in Cu2ZnSn(S,Se)4 solar cells — Christian Zimmermann1,
∙Mario Lang1, Christoph Krämmer1, Thomas Schnabel2, To-
bias Abzieher1,2, Angelika Schulz1, Heinz Kalt1, and Michael
Hetterich1 — 1Institute of Applied Physics, Karlsruhe Insti-
tute of Technology (KIT), 76131 Karlsruhe, Germany — 2Zentrum
für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg
(ZSW), 70565 Stuttgart, Germany
Due to its composition of low-cost and earth-abundant elements,
Cu2ZnSn(S,Se)4 (CZTSSe) is a promising material system for thin-film
photovoltaics. Yet, a lack of efficiency compared to the well-established
thin-film technology Cu(In,Ga)(S,Se)2 is present, and therefore further
improvements have to be realized. Recently, an order–disorder tran-
sition accompanied by a band gap shift has been reported. In this
contribution the influence of this transition on the photoluminescence
spectra is investigated as a function of sample temperature and excita-
tion power. The results are analysed with reference to the fluctuating
potential model.

HL 61.32 Wed 15:00 Poster F
Solution-based fabrication of kesterite Cu2ZnSnSe4 absorber
layers and solar cells — ∙Markus Neuwirth1, Huijuan Zhou1,
Chao Gao1, Mario Lang1, Christian Zimmermann1, Christoph
Krämmer1, Christian Huber1, Alexander Schiele1, Thomas
Schnabel2, Tobias Abzieher2, Erik Ahlswede2, Michael
Powalla2,3, Heinz Kalt1, and Michael Hetterich1 — 1Institute
of Applied Physics, Karlsruhe Institute of Technology (KIT), 76131
Karlsruhe, Germany — 2Zentrum für Sonnenenergie- und Wasserstoff-
Forschung Baden-Württemberg (ZSW), 70565 Stuttgart, Germany —
3Light Technology Institute, KIT
In the race for new energy sources, Cu2ZnSnSe4 (CZTSe) thin-film
solar cells play a promising role since the absorber only comprises en-
vironmentally friendly and earth-abundant elements. Our fabrication
approach for CZTSe consists of a cheap and simple solution-based two-
step process that spares toxic solvents such as hydrazine. Utilizing a
doctor-blading process we are able to form reproducible homogeneous
precursors that transform into CZTSe by subsequent thermal anneal-
ing in a Se atmosphere. An automated buffer layer deposition process
also increases the reproducibility of the overall sample quality. X-
ray diffraction, Raman spectroscopy and external quantum efficiency
measurements provide a better understanding of the kesterite absorber
properties and their influence on cell performance.

HL 61.33 Wed 15:00 Poster F
Two-step fabrication process for Cu2ZnSnSe4 layers and
solar cells on GaAs and molybdenum-coated glass sub-
strates — ∙Alexander Schiele1, Chao Gao1, Mario Lang1,
Christoph Krämmer1, Thomas Schnabel2, Tobias Abzieher2,
Erik Ahlswede2, Heinz Kalt1, and Michael Hetterich1 —
1Institute of Applied Physics, Karlsruhe Institute of Technology (KIT),
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76131 Karlsruhe, Germany — 2Zentrum für Sonnenenergie- und
Wasserstoff-Forschung Baden-Württemberg (ZSW), 70565 Stuttgart,
Germany
Cu2ZnSnSe4 (CZTSe) is a promising thin-film absorber material due
to its earth-abundant, low-cost and non-toxic components. Despite
these advantages, CZTSe solar cells have not yet achieved the required
efficiency for practical application. Therefore, high-quality absorber
layers are necessary in order to perform fundamental material studies
and further improve device performance. One way of fabricating such
high-quality CZTSe layers is to utilize a precursor layer stack consist-
ing of (epitaxial) ZnSe, Cu, and Sn deposited in a molecular-beam
epitaxy system. A subsequent annealing process leads to the forma-
tion of CZTSe with large grains which in case of a GaAs(001) substrate
inherits the preferential orientation of the monocrystalline ZnSe layer.
The influence of GaAs as a substrate compared to molybdenum-coated
glass is investigated by X-ray diffraction, Raman spectroscopy, and
conversion efficiency measurements of finished solar cells.

HL 61.34 Wed 15:00 Poster F
Development and Characterization of an Ultrathin Hybrid p-
n Interface for Solar Cell Applications — ∙Mahfujur Rahaman,
Raul D. Rodriguez, Jacek Gasiorowski, and Dietrich R. T.
Zahn — Halbleiterphysik,Technische Universität Chemnitz, Germany
In this work ultra-thin hybrid p-n interfaces were developed and char-
acterized for photovoltaic application using inorganic 2-dimensional
p-type GaSe as well as F16CoPc and PCBM n-type organic semicon-
ductors. Due to the layered structure of GaSe, it is possible to deposit
nano flakes by means of mechanical exfoliation. The F16CoPc thin
film was deposited by thermal evaporation and PCBM by spin coating
on a metal substrate. The properties of p-n interfaces were determined
using a wide spectrum of techniques. Optical properties were charac-
terized using spectroscopic ellipsometry (SE) and photoluminescence,
while the surface morphology and electrical studies were performed us-
ing atomic force microscopy (AFM) and Kelvin probe force microscopy
(KPFM) methods. The photovoltaic effect was investigated by means
of I-V measurements in the dark and under illumination using 514.7
nm laser excitation.

HL 61.35 Wed 15:00 Poster F
Time-resolved Photoluminescence in thin film semiconduc-
tors - experiment and simulation — Matthias Maiberg, Con-
rad Spindler, Torsten Hölscher, Enrico Jarzembowski, Ste-
fan Hartnauer, and ∙Roland Scheer — Martin-Luther-University
Halle-Wittenberg, Photovoltaics Group, Von-Danckelmann-Platz 3,
06120 Halle, Germany
Time-resolved photoluminescence (TRPL) often is used to measure
the effective lifetime of minority carriers in a semiconductor. However,
there are several reasons for the TRPL decay not equal the decay of
the minority carrier density: Bimolecular recombination, charge car-
rier drift and diffusion, shallow defects in the band gap, and varying
defect densities.

By computer simulation we can explain most of the experimental
findings. A curved decay for excitation with high injection levels can
be assigned to bimolecular recombination. Contrary, a curved decay
for low injection levels can be related to minority carrier capture and
reemission from shallow defects in the band gap as well as to defect
densities that vary on the lateral scale.

In bias voltage dependent TRPL on pn junctions (solar cells), the
decay time increases with increasing voltage. This can be explained
by a reduction of charge carrier drift in the space charge region and
may be used to determine the charge carrier mobility.

HL 61.36 Wed 15:00 Poster F
Optical Imaging of Cu(In,Ga)Se2 Solar Cells with Consider-
ation of Material Homogeneity as a Quality Control Tool for
Photovoltaic Devices — ∙Steffen Kretzschmar, Oliver Nagel,
Dieter Greiner, Christian A. Kaufmann, and Thomas Unold —
Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, Hahn-
Meitner-Platz 1, D-14109 Berlin
The luminescence yield of Cu(In,Ga)Se2 solar cells or absorber layers
can be used as a quality control indicator of the photovoltaic perfor-
mance, in particular the open circuit voltage, of these devices. Here we
present a study of electroluminescence and photoluminescence imaging
on Cu(In,Ga)Se2 solar cells using an InGaAs detection system with a
good spectral match to the chalcopyrite luminescence emission. The re-
sults are compared to current-voltage and external quantum efficiency

analyses on the same devices. In accordance with theory we find a
linear dependence of the open circuit voltage on the logarithm of the
luminescence yield. However, when not taking lateral inhomogeneities
into account, a large spread in the correlation of solar cell parame-
ters to imaging results is observed. We find that using an analytical
homogeneity correction model leads to a distinct improvement of the
correlation between the luminescence data and the device parameters
open-circuit voltage and conversion efficiency which allows the use of
luminescence imaging as a predictive tool for inline monitoring and
quality control.

HL 61.37 Wed 15:00 Poster F
First-principles calculation of the band alignment of Cu-
GaS2 chalcopyrite for photovoltaic purpose — Jesus Eduardo
Castellanos1,2, ∙Pablo Palacios1,3, Jesus J. Arriaga2, and
Perla Wahnón1 — 1Instituto de Energía Solar, ETSI Telecomuni-
cación, Universidad Politécnica de Madrid, 28040 Madrid, Spain. —
2Instituto de Física, Benemérita Universidad Autónoma de Puebla, Av.
San Claudio y 18 Sur. C.U. 72570. Puebla, México — 3Dpt. Física
Aplicada a las ingenierías Aeronáutica y Naval, ETSIAE, Universidad
Politécnica de Madrid, 28040, Madrid, Spain.
The study of interfaces between two materials semiconductors, being
one of them the CuGaS2 chalcopyrite, and the processes that occurs
in the interfaces are necessary for a better understanding of how these
proposed materials operate in the entire structure of the solar cell. In
our study we considered the effect of the lattice mismatch between each
pair of contact materials. We search for surface orientations which can
reduce as most as possible the lattice mismatch, but strained layer
have appeared. This strain has an important effect on the electronic
structure, mainly in the band-gap. Alignments are calculated using the
electrostatic potential as reference . Using the periodic slab model we
calculated the minimum-energy structure and band offset for the three
specific interfaces. Some of these interfaces have shown band align-
ments which are suitable for potential applications in photovoltaics
and optoelectronics.

HL 61.38 Wed 15:00 Poster F
Microstructure Investigation of Lithiated Silicon —
∙Wenlong Zhao, Lukas Diekmeyer, Eike Epler, Burkhard
Roos, Vladimir Roddatis, Cynthia A. Volkert, and Carsten
Nowak — Insitute for Materials Physics, Göttingen, Germany
Because of its theoretically high gravimetric capacity, silicon receives
a lot of attention as potential anode material for lithium-ion batteries.
Experimentally, the expected capacity is usually not observed which is
attributed to the high volume change of silicon on lithiation and the
accompanying amorphization of the silicon.

In this work, we present results on the microstructure investiga-
tion of lithiated silicon. Single crystalline silicon pillars of microm-
eter dimension where electrochemically lithiated in an organic elec-
trolyte. After subsequent delithiation and focused ion beam based
sample preparation, the samples were characterized with high resolu-
tion transmission electron microscopy and laser assisted atom probe
tomography. The observed formation of atomic scale defects on {111}
and {113} planes and the formation of amorphous channels in the vol-
ume of the material are discussed.

HL 61.39 Wed 15:00 Poster F
Transport Measurements on Thermoelectric CoSb3 and
Partially-Filled YbxCo4Sb12 Skutterudites — ∙Martin
Lonsky1, Sven Heinz1, Marcus Daniel2, Manfred Albrecht2,3,
and Jens Müller1 — 1Physikalisches Institut, Goethe-Universität,
Frankfurt (M), Germany — 2Institut für Physik, TU Chemnitz, Chem-
nitz, Germany — 3Institut für Physik, Universität Augsburg, Augs-
burg, Germany
Semiconducting CoSb3 is a member of the skutterudite family of com-
pounds and a promising candidate for thermoelectric applications. Its
thermoelectric properties can be improved by filling void space in its
crystal structure with foreign atoms such as Yb or La. These loosely
bound atoms serve as phonon-scattering centers and thereby reduce
thermal conductivity drastically.

The aim of our study is a systematic investigation of the electronic
transport properties for different filling factors on thin films of thermo-
electric CoSb3 and partially filled YbxCo4Sb12 skutterudites. Trans-
port parameters as resistivity 𝜌(𝑇 ), effective charge carrier density
𝑛(𝑇 ) and Hall mobility 𝜇(𝑇 ) have been determined in a broad temper-
ature range from 20 to 250K. In contrast to CoSb3, which is close to
compensation of hole- and electron-like carriers, YbxCo4Sb12 clearly
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shows an n-type semiconductor behavior. Apart from resistance and
Hall-effect measurements, we applied fluctuation (noise) spectroscopy
in order to gain a deeper insight into the charge carrier dynamics of
the investigated materials.

HL 61.40 Wed 15:00 Poster F
In situ Raman investigation of silicene — ∙Dmytro
Solonenko1, Patrick Vogt2, Ovidiu D. Gordan1, and Dietrich
R. T. Zahn1 — 1Halbleiterphysik, Technische Universität Chemnitz,
D-09107 Chemnitz, Germany — 2Institut für Festkörperphysik, Tech-
nische Universität Berlin, D-10623 Berlin, Germany
Silicene, the silicon counterpart of graphene, possesses unique elec-
tronic and structural properties. Its inherent buckling leads to an
opening of the bandgap and presence of polarized spin-states under an
external electric field[1]. Moreover, its implementation into Si-based
technology is considered to be less challenging than in the case of
graphene. Silicene does not exist in nature and can be obtained only
by synthesis on a supporting substrate. Only recently silicene could be
synthesized on Ag(111) and characterized in terms of its structural and
electronic properties[2]. However, some questions regarding the struc-
tural aspects and the interaction with the Ag substrate remain. Ra-
man spectroscopy was employed to answer some of the open questions.
Here, we report in situ Raman measurements of mono- and multilayer
silicene obtained for a broad range of excitation wavelengths. Silicene
layers were grown under UHV-conditions on a Ag (111) substrate and
the formation of different silicene phases was verified by LEED. The
temperature and chemical stability of silicene was tested by in situ
temperature-dependent measurements and ex situ oxidation.

1. N.D. Drummond et al., Physical Review B 85, (2012).
2. P. Vogt et al., Physical Review Letters 108, (2012).

HL 61.41 Wed 15:00 Poster F
Coulomb oscillations in improved metal nanoparticle field-
effect transistors — ∙Svenja Willing, Mirjam Volkmann, San-
dra Möller, Hauke Lehmann, and Christian Klinke — Insti-
tut für Physikalische Chemie, Universität Hamburg, Grindelallee 117,
20146 Hamburg, Germany
Following the current down-scaling trend in electronic device

fabrication, transistors based on nanoparticles represent a great pos-
sibility for further miniaturization. The small self-capacitance of the
individual metal nanoparticles results in a Coulomb energy gap [1]
that is influenced not only by the particles’ size and interparticle dis-
tance but also by electrical fields. The transport through arrays of
metal nanoparticles separated by tunnel barriers can thus be tuned
through the application of a gate voltage in the manner of a conven-
tional semiconductor field-effect transistor.

We synthesize monodisperse CoPt nanoparticles by colloidal
chemistry [2] and deposit them onto silicon substrates as highly-
ordered monolayers via the scalable Langmuir-Blodgett method.
Using standard lithography steps, we implement different gate
geometries and define the shape of the nanoparticle array to improve
the gate-voltage influence in the resulting metal nanoparticle based
transistor. Electrical transport measurements show a broad Coulomb
blockade regime and Coulomb oscillations in the output and trans-
fer characteristics respectively. We find that the oscillations can be
measured at temperatures of up to approximately 100 K.

[1] Phys. Rev. B 44, 1646 (1991) [2] Nano Lett. 10, 964 (2010)

HL 61.42 Wed 15:00 Poster F
Study of CIS/ZnO heterojunction solar cells by electrical
characterization — ∙Jairo Cesar Nolasco, Dorothea Sche-
unemann, Holger Borchert, and Jürgen Parisi — Energy and
Semiconductor Research Laboratory, Department of Physics, Carl von
Ossietzky University of Oldenburg, D-26111, Germany
Colloidal quantum dot (CQD) photovoltaics, using solely solution-
processed semiconductor nanocrystals as light-harvesting material,
have seen rapid advances in recent years. The use of highly toxic
Pb and Cd compounds used in absorber films, such as PbSe and PbS
might limit the possible application of CQD photovoltaics. It has been
demonstrated, that one less toxic alternative is the use of CuInS2 (CIS)
as absorber material. Initial studies on CIS/ZnO heterojunction so-
lar cells indicated that their performance is limited by an interface
barrier. In this contribution, by using electrical characteristics (e.g.,
capacitance-voltage measurements) and device modeling, the existence
of such heterojunction interface barrier is investigated.
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